The Swift AGN and Cluster Survey (SACS) uses 125 deg 2 of Swift XRT serendipitous fields with variable depths surrounding γ-ray bursts to provide a medium depth (4 × 10 −15 erg cm −2 s −1 ) and area survey filling the gap between deep, narrow Chandra/XMM-Newton surveys and wide, shallow ROSAT surveys. Here we present a catalog of 22,563 point sources and 442 extended sources and examine the number counts of the AGN and galaxy cluster populations. SACS provides excellent constraints on the AGN number counts at the bright end with negligible uncertainties due to cosmic variance, and these constraints are consistent with previous measurements. We use WISE mid-infrared (MIR) colors to classify the sources. For AGN we can roughly separate the point sources into MIR-red and MIR-blue AGN, finding roughly equal numbers of each type in the soft X-ray band (0.5-2 keV), but fewer MIR-blue sources in the hard X-ray band (2-8 keV). The cluster number counts, with 5% uncertainties from cosmic variance, are also consistent with previous surveys but span a much larger continuous flux range. Deep optical or IR follow-up observations of this cluster sample will significantly increase the number of higher redshift (z > 0.5) X-rayselected clusters.
Introduction
X-ray (0.2-10 keV) surveys are fundamental tools to comprehensively study populations of X-ray sources including active galactic nuclei (AGN), clusters and groups of galaxies, starburst galaxies, normal galaxies and their evolution. The most recent X-ray survey of the whole sky is the ROSAT All Sky Survey (RASS, Voges et al. 1999 ) with a flux limit of 3 × 10 −13 erg cm −2 s −1 in the 0.1-2.4 keV band. Surveys with Chandra and XMM-Newton probe far fainter fluxes over much smaller areas, and at this point more than 20 Chandra and XMM-Newton surveys have been carried out with different combinations of survey area and depth ranging from the small Chandra deep fields (Brandt et al. 2001; Xue et al. 2011) to the wider area XBöotes (Murray et al. 2005 ) and XMM-LSS (Pierre et al. 2004) surveys (see the review by Brandt & Hasinger 2005 , Figure 1 ).
Since even the largest Chandra and XMM-Newton survey areas are ∼ 10 deg 2 , there is a need for intermediate depth, wider area surveys to fill the gap between these small, deep surveys and the wider area, shallow surveys based on RASS. Since (to zeroth order) survey volume scales as V ∝ Ωf −3/2 lim with survey area Ω and flux limit f lim , surveys of very different depths can have the same overall volumes. They will differ, however, in the redshifts they best probe. RASS cluster surveys like the ROSAT Brightest Cluster Sample (BCS, Ebeling et al. 2000) and the ROSAT -ESO Flux Limited X-ray survey (REFLEX, Bohringer et al. 2004 ) are well-designed for studies of clusters in the low redshift universe, while deep fields are well-designed for studies of lower luminosity, high redshift AGN. Shallow surveys, however, lack the depth to produce large samples at intermediate redshifts to probe the evolution of clusters, and deep surveys tend to have their survey volumes at redshifts where clusters are rare. Similarly, shallow (deep) surveys characterize the bright (faint) AGN populations well, but both do poorly for the intermediate luminosity populations and redshifts needed to link the two extremes. Pencil beam surveys, particularly at z < 1, also are strongly affected by cosmic variance. Filling this gap requires surveying 100s of square degrees to intermediate depths.
Most existing medium-deep, wide area X-ray surveys are serendipitous surveys built from jointly analyzing large numbers of archival pointed observations originally obtained for other purposes. This includes ROSAT pointed serendipitous surveys such as RIXOS (Castander et al. 1995) , RDCS (Rosati et al. 1995; , SHARC Burke et al. 1997) , WARPS (Scharf et al. 1997; Jones et al. 1998; Perlman et al. 2002) , 160 deg 2 (Vikhlinin et al. 1998) , its extension 400 deg 2 (Burenin et al. 2007) , ROXS (Donahue et al. 2001) , and BMW (Campana et al. 1999) . Similarly, the ChaMP Survey (Kim et al. 2004) pursues the same goals using archival Chandra data. There are exceptions, like the RASS NEP (Henry et al. 2001 ) survey which was based on the repeatedly scanned North Ecliptic Pole regions. The ROSAT surveys still provide the best constraints on the bright end of the cluster X-ray luminosity function and the high redshift cluster mass function (Rosati et al. 2002; Vikhlinin et al. 2009 ) due to their large survey area. The XMM-Newton and Chandra serendipitous surveys are still on going (e.g., Watson et al. 2009; Lloyd-Davies et al. 2011; Fassbender et al. 2011; Clerc et al. 2012) . These surveys cover sky areas of 10-400 deg 2 , and have flux limits from 5 × 10 −14 to 10 −15 erg cm −2 s −1 . One disadvantage of most of these serendipitous surveys based on pointed archival data is that the selection effects are difficult to model without a complete understanding of why the original targets were selected. Figure 1 shows where some of these surveys lie in the space of area and depth.
In this paper, we present a serendipitous medium-deep, wide-field soft X-ray survey using Swift (Gehrels et al. 2004; Burrows et al. 2005; Morette et al. 2005 ) observations of γ-ray bursts (GRBs). From its launch in November 2004 through July 2013, Swift has observed 784 GRBs at a rate of ∼ 92 bursts per year. The X-Ray Telescope (XRT) on board Swift is sensitive in the energy range from 0.2-10 keV and has a field of view of 23.4×23.4 arcmin 2 . These GRB fields are randomly distributed on the sky ( Figure 2 ) and are essentially uncorrelated with other X-ray source populations. Thus, the XRT observations of GRB fields form an excellent soft X-ray serendipitous survey covering a total sky area of ∼ 125 deg 2 with variable depths and a median flux limit of 4×10 −15 erg cm −2 s −1 . Figure 1 shows the relative depth and sky coverage of these Swift serendipitous fields compared to other surveys. This unique combination of the survey area, survey depth and "randomness" enables it to fill in the gap between deep, pencil beam surveys such as the Chandra Deep Fields and the shallow, wide area ROSAT surveys. Thus it can be used to make independent and complementary measurements of the number counts and luminosity functions of X-ray sources, principally AGN and galaxy clusters. This will in turn strengthen our understanding of the evolution of X-ray sources and the underlying cosmology. Several other groups are also independently working with this data, focusing on bright clusters (Tundo et al. 2012; Liu et al. 2013) , point sources in deep XRT fields (Puccetti et al. 2011) , and on the overall source catalog of all XRT observations (D'Elia et al. 2013; Evans et al. 2014 ).
In §2 we describe our field selection, the reduction of the XRT data and the detection of sources. In §3 we classify the sources based on the X-ray angular extent and matches to the Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010 ) survey catalogs. In §4 we compare our catalogs with other independent Swift XRT catalogs. In §5 we compare the source number counts to existing estimates from both shallower and deeper surveys, and we discuss the results in §6. We assume cosmological parameters of Ω M = 0.27, Ω Λ = 0.73, σ 8 = 0.81, and H 0 = 70 km s −1 Mpc −1 throughout the paper. Brandt & Hasinger (2005) , adding recent XMM-Newton medium deep surveys, and the future eROSITA surveys. SACS (solid and dashed lines for point and extended sources) is substantially wider or deeper than many similar existing surveys, and the arrow shows that SACS is approaching the eROSITA deep survey as Swift continues to accumulate data. The solid circles indicate the typical SACS field, 49 square degrees and 4.3 × 10 −15 erg cm −2 s −1 for point sources and 23 square degrees and 7.6 × 10 −15 erg cm −2 s −1 for extended sources, in the 0.2-5 keV band. The dotted and dashed lines show the effect of smoothing the exposure maps over 6 and 10 XRT pixels, the typical sizes of point and extended sources, and with a nominal Galactic N H of 5×10 20 cm −2 . In the hard band, the curves are almost completely overlapping. The upper X-axis shows the corresponding flux limits based on the median background rates of the fields and a typical Galactic N H of 5 × 10 20 cm −2 . 
Data Reduction and Source Detections
The Swift XRT observations of GRB fields were downloaded from the HEASARC website
1 . This includes all XRT observations before 2013-07-27 with target names containing "GRB", but excluding special targets with names such as "Non-GRB". We lose the very small fraction (< 1%) of XRT GRB observations without "GRB" in their target names (usually instead having target names starting with "Swift J"). We reprocessed the data using the HEASoft tool xrtpipeline (version 0.12.6) and Swift CALDB version XRT20130313. We generated the corresponding exposure maps using xrtexpomap (version 0.2.7). XRT followup observations of GRBs are typically a monitoring sequence to measure the decay of the X-ray light emission, so we merged all the reprocessed event files and exposure maps for each GRB field into a single event file and a single exposure map in order to increase the signal-to-noise (S/N) ratio for detecting serendipitous sources. We then created images in the total (0.2-10 keV), soft (0.5-2 keV), and hard (2-10 keV) bands from the merged event files. Figure 3 shows the cumulative area of the final field sample as a function of the equivalent on-axis exposure time and Figure 4 shows the distribution of the fields in Galactic N H column density based on Dickey & Lockman (1990) . Since the N H distribution for XRT fields with low Galactic latitudes, |b| < 5
• , is similar to those from high Galactic latitudes, we included all these XRT fields in our analysis.
We used a wavelet-based algorithm (wavdetect, Freeman et al. 2002) in CIAO to identify sources, an algorithm which is widely used in the X-ray community to detect sources in Chandra and ROSAT images. Since one of our goals is to separate point AGN from extended clusters, the angular structure of the Swift/XRT point spread function (PSF) has several advantages. First, its dependence on off-axis angle and energy are well measured by the Swift team (Moretti et al. 2005 ) and released as a part of the calibration files. Second, the on-axis half power diameter (HPD) of [17] [18] ′′ is reasonably well-suited for cluster identification. More importantly it is roughly constant over the full field of view, unlike Chandra and ROSAT (Weisskopf et al. 2002; Hasinger et al. 1994) (Jansen et al. 2001) . The relatively uniform PSF also significantly reduces systematic uncertainties when assessing the significance of source detections and their angular sizes. We used wavdetect to detect sources in the total, soft, and hard images independently using a false positive threshold of 10 −6 . We further evaluated the significance of the detections using the net source and background counts provided by wavdetect and Equation A11 of Weisskopf et al. (2007) for Poisson statistics,
where Table 4 presents the 442 cluster candidates. We corrected the fluxes for the finite aperture used in the measurements. For point sources we simply use the PSF, while for the extended sources we assumed a β = 0.6, R c = 0.1 Mpc β model (e.g., Sanderson et al. 2003) at the typical cluster redshift of z = 0.5 and estimated the total flux inside 2 Mpc. This typically increased the fluxes by a factor of 1.3. Similarly, we assume a T = 5 keV, Z = 0.4Z ⊙ plasma spectrum at z = 0.5 to correct their fluxes for Galactic absorption. In the number count calculations (Section 5), we set the Galactic absorption as N H = 5 × 10 20 cm −2 for all sources; however, we adopted the Dickey & Lockman (1990) Galactic absorption values when reporting the fluxes in Tables 1-4.
Classification of the X-ray Sources
The vast majority of our sources will be extragalactic sources, AGN, GRBs and galaxy clusters, since only a small fraction of XRT observations are in the Galactic plane and Galactic X-ray sources are typically fainter. Our matching analysis with WISE sources also suggests that there are few Galactic sources in our catalogs (Section 3.2). In this section we discuss the classification of the sources using their X-ray angular extent and their properties, where detected, in the all-sky WISE catalogs. We first matched our sources to the known positions of the GRB X-ray afterglows using the most recent catalogs from the UK XRT team 2 . We used a matching radius of 24 ′′ even though the Swift XRT HPD is about 18 ′′ . The XRT position of GRBs can be measured much more accurately because of the large number of photons detected in GRBs. However, for bright GRBs a large fraction of photons located near the center of the GRB image can be rejected during the data reduction process because of strong pile-up effects. These sources are then found by wavdetect as a source pair slightly offset from the true position but always within 24 ′′ of each other. Since the GRB science is not the main focus of this paper and to avoid its strong contamination to other sources, we remove all sources within 24 ′′ of the GRB positions. The next step is to use the angular source extent to distinguish between AGN and galaxy clusters.
Extended Source Analysis
All galaxy clusters are extended X-ray sources given an ideal telescope. Cluster surface brightness profiles are well-modeled by the so-called β profile, S ∝ 1 + (R/R c ) 2 −3β+1/2 (e.g., Xu et al. 2001; Sanderson et al. 2003; Dai et al. 2007 Dai et al. , 2010 . The core radius R c and power law index β depend on cluster mass (Xu et al. 2001; Sanderson et al. 2003; Dai et al. 2007 Dai et al. , 2010 , and values of (0.2 Mpc, 0.67), (0.1 Mpc, 0.6) and (0.05 Mpc, 0.5) are typical for clusters with masses of 10 15 , 2 × 10 14 and 5 × 10 13 M ⊙ (e.g., Neumann & Arnaud 1999; Xu et al. 2001; Sanderson et al. 2003; Osmond & Ponman 2004; Dai et al. 2010) . The Swift XRT PSF has a moderate HPD (15-18 ′′ ) and is also well-modeled by a β profile with β ≃ 0.67 and R c ≃ 2.3 XRT pixels with variations across the field of view that are well understood (Moretti et al. 2005) .
3 The observed profile of a cluster is then the convolution of the appropriate β model with the PSF. For simplicity, we will simply view this as a β model with different parameters.
We used only the soft band images to study the source surface brightness profiles because of their higher contrasts for cluster emission, and used an iterative procedure in this analysis. From the merged soft X-ray image of each field, we extracted background-subtracted surface brightness profiles of each source out to the radius r b , where the surface brightness equals half the background level and the initial guesses were set to two times the source radii given by wavdetect. We then fit these surface brightness profiles with β models, with β = 0.67 fixed for all sources. This is optimal for the vast majority of point sources and massive clusters. Sources were analyzed in the order of their brightness, and when we analyzed sources we included the flux contributions from other nearby sources. We started with the brightest source, fixing the parameters of all other sources in the model when fitting each individual source, and sequentially moved down to the faintest source. We then iterated this procedure until the model parameters (R c and total flux) for all the sources converge.
We analyzed simulated sources to estimate the detection thresholds for extended sources by adding 1000 simulated clusters to real images and then using our detection algorithm to recover the extended sources and their properties. Similarly, we added the same number of simulated point sources and recovered their properties. Here, we used the R c and β pair of (0.1 Mpc, 0.6) for clusters with total masses of ∼ 2 × 10 14 M ⊙ , which correspond to our typical cluster detection limit. Figure 6 shows an example of the probability of distinguishing extended and point sources as a function of the net number of photons for images with a typical exposure time of 60 ks. For the significance of the difference to exceed 3σ, it requires 17-30 net photons for clusters from z = 0.6-1.4, which correspond to fluxes of 0.6-1.1×10 −14 erg cm −2 s −1 in the 0.5-2 keV band for a typical XRT field. Higher numbers of photons are needed for higher redshift clusters as the angular sizes of the clusters become smaller. More massive clusters have larger core sizes (e.g., R c = 0.2 Mpc), which are easier to separate from point sources. Using the same R c and β pair (0.1 Mpc, 0.6), we carried out these simulations for the range of backgrounds encompassing the shallowest and deepest observations and these can be used to model the completeness of the cluster sample (Table 5) .
Figures 7 and 8 show the distribution of sizes (R c ) for the sources detected in the XRT images as a function of the off-axis angle and the signal-to-noise ratio of the detection. There is a dominant band of points sources with R c ≃ 2.5 XRT pixels (6 ′′ ), as expected from the PSF models. The mean size of the point sources is essentially independent of the off axis angle, as expected from the uniformity of the PSF, and the scatter in the sizes increases for lower signal-to-noise ratios. To estimate the boundary for selecting extended sources we set an initial boundary that roughly separated the point and extended sources and then calculated the mean and standard deviation of the point source sizes. We then updated the 3σ boundary and iterated this procedure until the estimates converged. This was done as a function of both off-axis angle and signal-to-noise ratio with the results also shown in Figures 7 and 8. We defined the extended source catalog as sources with S/N ≥ 4 and a minimum net photon count of 20 that are more than 3σ from the mean size of point sources for both their off-axis angle and signal-to-noise ratio. This resulted in 442 cluster candidates.
We matched our cluster catalog with the meta X-ray cluster catalog (Piffaretti et al. 2011 ) using a match distance of 0 ′ .5, and found seven matches. In particular, SWCL J025630.7+000601, J062915.2+460619, J155743.3+353020, J180228.7-523651, J181628.8+691131, J214359.4-563725, and J233616.8-313629 match with MCXC J0256.5+0006, MCXC J0629.1+4606, MCXC J1557.7+3530, MCXC J1802.4-5236, MCXC J1816.5+6911, MCXC J2143.9-5637, and MCXC J2336.2-3136, respectively. We also matched to the ACT and Planck SZ cluster catalogs (Marriage et al. 2011; Planck Collaboration et al. 2014 ) and found that SWCL 025630.7+000601 matches ACTCL J0256.5+0006 within 0 ′ .5 and SWCL J084749.4+133142 matches with PSZ1 G213.43+31.78 within 2 ′ .9. We also found 22 matches to the optical cluster catalogs (Koester et al. 2007; Hao et al. 2010) in the SDSS footprint, and the details are discussed in Griffin et al. (2015, in preparation) . We matched with the independent Swift cluster catalog of Tundo et al. (2012) with 72 entries and found 55 matches (see Section 4). Therefore, the majority of our Swift clusters are new discoveries.
Matching to WISE
The only all-sky catalog with a depth well-matched to our survey is the mid-infrared (MIR) WISE (Wright et al. 2010 ) survey, which also automatically includes matches to the shallower 2MASS survey (Skrutskie et al. 2006 ). There are significant overlaps with other surveys, particularly SDSS, but nothing else provides uniform coverage. In Griffin et al. (2015) we examine the properties of the lower redshift (z < 0.5) cluster candidates in the SDSS regions, but deeper data than SDSS are needed study cluster properties in general. Mid-IR colors are also a powerful and well-understood means of identifying AGN (e.g., Stern et al. 2005 ) including examinations of AGN selection from WISE data (e.g. Assef et al. 2013 ). X-ray emission and MIR colors do not select identical AGN samples. Like X-rays, MIR selection is fairly insensitive to absorption. However, it does depend on the slope of the MIR spectrum being different from that of a galaxy, which means that the AGN must make a significant contribution to the total MIR luminosity. As a result, MIR selection will not identify very low luminosity AGN. Chung et al. (2014) has an extensive comparison of X-ray and MIR selection methods. We also improve the astrometry of the Swift-XRT sources by correcting the pointing accuracy of XRT (3 ′′ , Burrows et al. 2005 ) during the WISE matching analysis.
We searched for the closest source to the position of each XRT source and to random positions along a circle of radius 120 ′′ around the XRT position. We kept the closest WISE source to both the real and random positions provided the separation was smaller than 20 ′′ . For each GRB field, we calculated the mean ∆RA and ∆Dec and variance of the these means for real matches, and corrected the X-ray source astrometry if any mean offset is larger than the standard deviation of the mean offsets. The median and maximum RA corrections are 1 Figure 9 show the distributions of the match distances for real and random sources after correcting the XRT astrometry and after normalizing the random distribution to match the real distribution on scales of 15-20 ′′ . For the real sources we see a central core peaking at ∼ 2 ′′ , with a non-zero peak, as expected from a χ 2 distribution. The probability that a match is correct as a function of distance can be roughly estimated as 1 − N f ake /N real and we also show this probability as a function of match distance. The match probabilities are roughly 80%, 86%, and 85% at a distance of 4.
′′ 5, and 53%, 51%, and 56% at a distance of 7.
′′ 5 for the total, soft, and hard bands, respectively. Overall we estimate that 61%, 65%, and 65% of the total, soft and hard band sources have WISE counterparts. The fraction is higher for the hard and soft band catalogs simply because the flux limits will be brighter.
The distribution of matches for the extended sources looks quite different. First, while 12% of the total band AGN sample had no WISE source within 20 ′′ , only 6% of the cluster candidates had no source within that distance. Second, while 2/3 of the AGN candidates had a closest source with a red MIR color (W 1 − W 2 > 0.35 mag), less than 1/2 of the cluster candidates do so. This does not mean that 1/2 of the cluster candidates are AGN because of the significant noise in the MIR colors at fainter magnitudes (see Assef et al. 2013) . Third, the match distance distribution of the sources is broader, as we would expect for extended sources being matched to a local distribution of galaxies. Overall, 72% of the extended sources are probably associated with a WISE source.
The WISE color magnitude diagram is a useful diagnostic to separate AGN and galaxies. We focus on the deeper W1 (3.4µm) and W2 (4.6µm). In these Vega magnitudes, stars and early-type galaxies tend to be relatively blue because their MIR spectral energy distributions (SEDs) are dominated by the Rayleigh-Jeans tail of the emission by stars. Quasars have much flatter SEDs and so appear red (e.g., Stern et al. 2005 , Assef et al. 2013 , Chung et al. 2014 ). This is true as long as there is significant emission from the quasar accretion disk (at most redshifts, z > ∼ 1, it is not dust emission), and red, MIR selected quasars generally prove to be broad line, Type I AGN (see Kochanek et al. 2012 ). X-ray sources extend to bluer MIR colors, indicating that the disk emission does not dominate over that of the host (e.g. Gorjian et al. 2008 , Chung et al. 2014 , and these sources will more likely be Type II AGN. We note that the red and blue MIR colors are opposite to the usual AGN terminology, where MIR-blue AGN correspond to absorbed AGN and MIR-red AGN correspond to less absorbed AGN. For the purposes of the paper we will call sources with WISE color, W 1 − W 2 > 0.35 mag, MIR-red AGN, and those with W 1−W 2 ≤ 0.35 mag MIR-blue AGN, although the boundary is imperfect. Moreover, the WISE colors are noisy for the typical source we consider because most of the matches are to faint WISE sources. This means that the color is only an indicator of the nature of the source. The dependencies of AGN properties on the WISE fluxes are discussed extensively in Assef et al. (2013) . Figure 10 shows the color magnitude diagrams for the soft and hard band AGN samples as well as the cluster samples along with the typical colors of galaxies and Type I AGN at various redshifts. Here we use only objects with a match distance smaller than 8 ′′ . As expected, the AGN samples tend to have relatively red MIR colors while the sources matched to clusters have the MIR colors of intermediate redshift galaxies. If we use a two-dimensional Kolmogorov-Smirnov test to compare the distributions of AGN and extended sources, there is a null probability of 4 × 10 −26 that the two samples are drawn from the same distribution, further showing that the extended X-ray sources are not significantly contaminated by AGN.
MIR-blue AGN have colors similar to stars as well as galaxies. However, Figure 11 shows that there is no significant Galactic latitude dependence to either the number density of sources or the ratios of the numbers of red and blue MIR sources. This strongly suggests that the level of stellar contamination is small.
Comparison with Other Swift XRT Catalogs
There are several other Swift XRT source catalogs in existence. We can characterize them by the type of sources (point/extended), years of data used (5-7), fields analyzed (GRB or all), and detection method. They are Puccetti et al. (2011, point, 5 year, GRB, XIMAGE), D'Elia et al. (2013, point, 7 year, all, detect), Evans et al. (2014, point, 7 year, all, similar to the 2XMM catalog of Watson et al. 2009), and Tundo et al. (2012, extended, 6 year, GRB, wavdetect plus extended source analysis). Here, we compare them with our catalogs.
We matched the four point source catalogs to each other using a 8
′′ match distance and the two extended catalogs using a 30
′′ match distance and calculated the match distance distributions. We also calculated the fractional flux differences, (f cat2 − f cat1 )/f cat1 , of the matching sources in the 0.5-8 keV band for point sources and the 0.5-2 keV band for extended sources. We list the number of matches, the median match distances, the median and standard deviation of the fractional flux differences in Table 6 , and show the histograms of the matching distances and fractional flux differences between this paper and Evans et al. (2014) and between this paper and Tundo et al. (2012) in Figures 12 and 13 , respectively. In general the source positions are quite consistent between the different catalogs, with median position offsets of < ∼ 2 ′′ for point sources and 5
′′
.2 between the two extended catalogs. The ∆RA and ∆Dec distributions are all centered on zero. Since the fractional flux difference distributions have long tails, we calculated the statistical properties of the distributions within the range of −1 to 1. The fluxes measured from the different catalogs have larger variations, with the standard deviations of the fractional flux differences ranging from 0.15 to 0.39, where the smallest is between the cluster catalog from this paper and Tundo et al. (2012) and the largest is between the point source catalogs of D'Elia et al. (2013) and Evans et al. (2014) . The D'Elia et al. (2013) catalog also has the largest median offset in the fractional flux difference when matching with other catalogs. Broadly speaking, our point and cluster catalogs have position and flux measurements consistent with these other analyses. We compare the flux distributions between our sources and those in Evans et al. (2014) and Tundo et al. (2012) for point and extended sources, respectively, in Figure 14 . For point sources, Evans et al. (2014) analyzed a much larger amount of Swift data and detected a total number of sources 6.7 times our total number. However, our peak flux distribution is fainter than the sample Fig. 9. -Histograms of the distance between the soft (top) and hard (bottom) band Swift X-ray source and the closest WISE source. The black solid histogram is for the real X-ray sources, while the red dashed line is for nearby random positions. Fig. 10 .-WISE W 1 − W 2 color versus W 1 magnitude diagrams for Swift sources (black dots), random locations (green dots), and Type-I AGN tracks at z = 0.5, 1.5, 3.5, and 4.5 (blue dotted lines), and early, late, and irregular galaxy tracks (red dashed lines). The top and middle panels show the color-magnitude diagrams for point sources detected in the soft and hard X-ray bands, respectively. The bottom panel shows the color-magnitude diagram for galaxy clusters detected in the soft X-ray band. Fig. 11 .-Galactic latitude (b) histograms for the total band X-ray sources divided by cos b, where flat distributions are expected for sources distributed randomly on the sky. The black, solid histogram is for all detected sources, the blue, dotted histogram is for the MIRred AGN, and the red, dashed histogram is for the MIR-blue AGN. The dotted (blue) and dashed (red) lines show the ratios of MIR-red and MIR-blue AGN to all sources in each bin, respectively. The number ratios (blue dot-dashed and red dot-dot-dot-dashed lines) do not show a peak near the Galactic plane, indicating that the catalogs contain few stellar sources.
of Evans et al. (2014) by 0.5 dex, because GRB fields are in general the deeper fields in the Swift-XRT data set. For extended sources, at the bright flux end, > 10 −13 erg cm −2 s −1 , our sample and that of Tundo et al. (2012) have consistent flux distributions both in the shape and normalization; Tundo et al. (2012) only reported a tail of extended sources with fluxes below 10 −13 erg cm −2 s −1 .
Source Number Counts
We calculate the cumulative number counts (log (N > S)-log S) of galaxy clusters and AGN detected in the survey as
where S i is the total flux of the source, Ω i is the total solid angle of the survey reaching flux S i and C i is the incompleteness factor for each source. The survey area as a function of flux is calculated from the exposure maps (dashed and dotted lines in Figure 3 ), where the areas are normalized to an effective N H of 5 × 10 20 cm −2 . We model the completeness factor for point sources using Poisson statistics, and we estimate the completeness factor for extended sources based on our simulations (Section 3.1, e.g., Figure 6 ).
Figures 15, 16 and 17 show the differential number counts for AGN in the total, soft and hard X-ray bands, respectively, and Figure 18 shows the cumulative cluster number counts in the soft X-ray band. We show differential number counts for AGN because we have many sources and this makes the uncertainties in the flux bins independent. For the clusters we show the integral number counts because the differential number counts are noisy and most previous cluster surveys only provide cumulative number counts. The Swift differential AGN number counts and cumulative cluster number counts are provided in Tables 8, 9 , and 10. AGN number counts are generally modeled as a broken power-law with a sharp break, and Figures 15, 16 and 17 show that our AGN number counts are consistent with previous measurements in both the total, soft, and hard X-ray bands. Here we use the Chandra Deep Field South (CDF-S, Lehmer et al. 2012 ) and the ChaMP survey (Kim et al. 2007 ) as the comparison samples. With the large number of sources detected in the Swift fields, we can place tighter constraints on the slope of the bright end of number counts than previous studies. We fit the Swift differential number counts (dN/dS) of AGN using the standard broken power law model, where S ref is a reference flux set to 10 −14 erg cm −2 s −1 , f b is the break flux, and K, a and b are the normalization, and power-law indices at the low and high flux ends, respectively. The parameters of the models are provided in Table 11 . We fixed the power-law index for faint sources, a, to that measured for the CDF-S since the Swift number counts do not extend much below the break. We measure bright end slopes of b = 2.37 ± 0.01, 2.54 ± 0.04 and 2.39 ± 0.14 for the total, soft and hard bands, respectively. The measurement uncertainties are smaller than the corresponding uncertainties from the CDF-S, b = 2.35±0.15, 2.48±0.27 and 2.55 ± 0.17, and comparable to the ChaMP measurements of b = 2.48 ± 0.05, 2.36 ± 0.05, and 2.65 ± 0.07. Our results agree more with the CDF-S results at the bright fluxes and modestly disagree with the ChaMP results.
These uncertainties only represent Poisson errors due to the number of sources. Cosmic variance can be a more important source of differences between surveys due to large scale structures. Using 10 −14 erg cm −2 s −1 in the 0.5-2 keV band as a reference, we estimate that the redshift limit for L * X AGN with this flux is z > 4 because of their rapid positive luminosity evolution . At fixed flux, the survey volume is simply proportional to the survey area, and thus SACS will provide the largest survey volume and the smallest cosmic variance. Based on the cosmic variance estimator of Trenti & Stiavelli (2008) , we estimate that the level of cosmic variance in CDF, ChaMP, and SACS are ∼15, 2, and 1%, respectively. Thus, the differences between CDF and SACS can be easily explained by cosmic variance; however, the differences between ChaMP and SACS must originate from other sources of systematic uncertainties, such as the source detection and flux estimation methods.
We can approximate the division into Type I and II AGN using the MIR colors of the sources with WISE matches. Generally, the objects selected to have red MIR colors will also show broad line spectra (see Kochanek et al. 2012) . To maximize purity, we keep only sources matched within 5 ′′ although we find no significant differences if we use 8 ′′ . Here we fix both the faint end slope a and the break flux f b to the values found for the CDF-S. Not all Swift AGN have WISE matches, and for simplicity we correct this by multiplicatively increasing the number counts by the inverse of the matched fractions in each bin. This is an over-simplification given any correlation between the X-ray and MIR fluxes. Comparing the number counts between MIR-red and MIR-blue AGN in the total and soft band, we find that there are similar numbers of each, while for the hard band we find that only about 1/3 are MIR-blue. This result is somewhat unexpected because we expected that the spectra of MIRblue AGN, corresponding to Type II AGN, would be harder because of the higher intrinsic absorption. It is possible that many of the harder, Type II X-ray sources remain mid-IR red, suggesting that the total absorption column densities are modest. Optical (visual) and soft X-ray (keV) opacities are similar for typical dust-to-gas ratios (e.g., Dai & Kochanek 2009; Chen et al. 2013) , so the transition from Type I to Type II as an X-ray source will be associated with suppression of the optical signatures of an AGN. However, mid-IR dust opacities are over an order of magnitude lower, so there is an extended range of intermediate column densities (N H ∼ 10 23 cm −2 ), where absorption will produce the optical and X-ray signatures associated with Type II AGN while having little effect on the mid-IR colors. With the large number of sources detected, we can measure the intrinsic absorption by stacking the source events based on the flux bins, and we plan to explore this further in follow-up studies.
For the cluster number counts, we compare the Swift cumulative number counts with the composite cumulative number counts from Rosati et al. (2002) which combines the ROSAT, CDF-S and XMM-Newton-COSMOS field (Finoguenov et al. 2007 ) results for the soft X-ray band (0.5-2 keV). The number counts of our extended source catalog match these well, strongly indicating that it is dominated by real clusters. We fit the cumulative cluster number counts with a smooth broken power-law model,
where f b is the break flux, c ≡ 2 is a fixed "smoothness", K sets the normalization and a, b are the power-law indices at faint and bright fluxes. We first fit the Swift data only and then all available data in Figure 18 , where the fitting results are listed in Table 12 . Since the Swift constraints do not extend below the break of the relation, we fixed the break location and the power law index at faint fluxes to be that found for the global fit using all the data. The two fits are consistent in normalization and the power-law index for bright sources. We find that the power-law index for bright sources is b = 1.25 ± 0.04 and b = 1.24 ± 0.01 using the Swift and the combined data, respectively. This is significantly different from Euclidean slope of 1.5, indicating that there is strong source evolution with redshift, as expected for a late-forming population like rich galaxy clusters. At brighter fluxes than probed by SACS, > 4 × 10 −12 erg cm −2 s −1 , the number counts steepen to b = 1.32 ± 0.05 , and the slope reaches the Euclidean value at fluxes above > 10 −11 erg cm −2 s −1 De Grandi et al. 1999) . We also estimate the effects of cosmic variance at a reference flux of 10 −14 erg cm −2 s −1 , and set a redshift limit of z < 1.5 in these estimates, since clusters are lower redshift objects. We find that cosmic variance can contribute ∼15 and 5% uncertainties for XMM-Newton-COSMOS and SACS surveys, respectively, which are consistent with the differences between the number count measurements of the two surveys. ′′ and 8 ′′ WISE match results, respectively, where we have corrected the incomplete WISE detection fractions. The dotted cyan and magenta lines are the best-fit number counts from the CDF-S and ChaMP. The black, blue, and red dashed lines show our fits to the Swift number counts for the total, MIR-red, and MIR-blue AGN, respectively. The MIR-blue AGN represent 50% of the total band point source detections. Fig. 16 .-Differential number counts for the soft band (0.5-2 keV) Swift sources for all AGN (black squares), MIR-red AGN (blue triangles, meaning Type I), and MIR-blue AGN (red diamonds, meaning Type II). The larger and smaller symbols (for triangles and diamonds only) are the 5 ′′ and 8 ′′ WISE match results, respectively, where we have corrected the incomplete WISE detection fractions. The dotted cyan and magenta lines are the best-fit number counts from the CDF-S and ChaMP. The black, blue, and red dashed lines show our fits to the Swift number counts for the total, MIR-red, and MIR-blue AGN, respectively. The MIR-blue AGN represent 50% of the soft band point source detections. ′′ and 8 ′′ WISE match results, respectively, where we have corrected the incomplete WISE detection fractions. The dotted cyan and magenta lines are the best-fit number counts from the CDF-S and ChaMP. The black, blue, and red dashed lines are our fits to the Swift number counts for the total, MIR-red, and MIR-blue AGN, respectively. The MIR-blue AGN represent 25% of the hard band point source detections. Fig. 18 .-Cumulative number counts of galaxy clusters in the 0.5-2 keV band from the Swift survey (red squares) as compared to results from the XMM-COSMOS, ROSAT, and CDF-S surveys (black triangles and the black solid line). The red dotted line shows the broken power-law fit to the Swift data only, and the blue dashed line shows the fit to the combined data with fluxes lower than 4 × 10 −12 erg cm −2 s −1 .
Discussion
Swift observations of GRB fields form an excellent serendipitous soft X-ray survey with a medium depth and wide sky coverage. For example, the total number of sources detected in our survey (∼ 22, 000) is larger than the RASS sample (∼ 18, 000, Voges et al. 1999) . The large number of sources enables us to more accurately measure source number counts, especially for bright sources and with few systematics due to cosmic variance. Since GRBs are not correlated with other sources, there is little selection bias for extragalactic objects. This is very different from serendipitous surveys based on Chandra and XMM-Newton where many of the fields are selected to study either clusters or AGN. In addition, the relative uniformity of the Swift-XRT PSF across its field of view allows for much more uniform source detection and characterization than those for ROSAT, Chandra, or XMM-Newton, where the PSF strongly or moderately depends on the off-axis angle.
The next step is to study these sources in detail using multi-wavelength data. In this paper, we matched the sources to the WISE all-sky catalog and found 15,100 matches of the X-ray sources. We can use the WISE W 1 − W 2 color as a proxy for separating the sources into Type I (MIR-red sources) and Type II (MIR-blue sources) since red MIR sources are typically found to be broad line quasars (see Kochanek et al. 2012 ). In the total and soft band about 50% of the AGN are Type II, similar to the distributions seen in Chung et al. (2014) . We plan to extend these comparisons using the ∼ 9000 deg 2 coverage of the SDSS. However, more complete identifications across the full sky will require the new generation of optical surveys such as PanSTARRS, DES, and LSST.
The depth and areal coverage of the Swift serendipitous survey is well suited for galaxy cluster surveys outside the local universe, reaching z ∼ 1 for massive clusters. In this paper we have identified 442 cluster candidates as extended X-ray sources. Their measured number counts are consistent with previous studies and they show few matches to red MIR sources, so the contamination by AGN is small. Compared to optical cluster surveys where the numbers of candidates can exceed 50,000 (Hao et al. 2010) , the total numbers of X-ray selected clusters are relatively small. For example, Piffaretti et al. (2011) compiled a meta X-ray cluster catalog with 1,743 clusters. Our Swift cluster sample significantly expands the number of X-ray selected clusters, and it is one of the largest uniformly selected cluster samples. Based on the models of cluster mass functions as a function of redshift (e.g., Tinker et al. 2008 ) and the flux limits of our survey, we expect that the peak of our cluster redshift distribution is at z ∼ 0.5. In Griffin et al. (2015), we use the SDSS survey data to identify roughly half of clusters in the SDSS regions as z < 0.5 clusters, consistent with the model prediction. We expect the remainder are higher redshift clusters, but the SDSS data is too shallow to provide robust photometric redshifts. We have started dedicated optical follow-up programs to further measure the photometric redshift of the Swift clusters, and we expect to significantly increase the number of X-ray selected clusters at z > 0.5. The sample could be expanded further by relaxing the 3σ selection limit in regions where deep optical imaging data is available to clearly identify optical over-densities or red galaxy sequences.
Since the Swift-XRT is still routinely observing GRB afterglows, the sample size will continue to increase. However, the current analysis already uses ∼ 9 yr of the data through mid-2013, so the sample size is unlikely to double and the final available area will likely be 160-200 deg 2 with equivalent on-axis exposure times exceeding 10 ks. Swift has spent a significant amount of observing time on sources other than GRBs, and using all these observations could increase the sample by a factor of 5 at the price of introducing significantly more complex selection effects. Future dedicated wide-field X-ray surveys will greatly improve the statistics of the X-ray source properties. For example, eROSITA plans to perform three surveys (all-sky, medium, and deep) within the next 5-10 years. The current Swift serendipitous GRB field data has one third the sky coverage of the designed eROSITA deep fields and will eventually reach one half to two-thirds the size. This makes our Swift survey an excellent prototype for the wide-field X-ray surveys of the future.
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Note. -The fluxes are calibrated to 0.5-8 keV for AGN and 0.5-2 keV for clusters. a This parameter is fixed as the fitting result using all the data.
Note. -The data are fit by a smooth broken powerlaw as Equation 4 with the smoothness parameter fixed as c = 2.
